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~OBJECTIVE

A full-scale fuel fire facility with associated equipment and instrumenta-
tion exists for the purpose of predicting the protective capacity of personal
gear of naval aircrewmen and flight deck personnel exposed to the thermal hazard
of fuel fires in aircraft crashes such as may occur on a carrier deck (reference
1). It is the aim of this investigaticn to conduct a feasibility study for con-
struction of a scaled-down version of the fuel facility so that experiments can
be conducted efficiently indoors in a close.y c,)ntrolled environment with mini-4 mal risk to personnel and surroundings.

PROCEDURE

With the existing facility, a full-scale fuel fire test normally employs
seven skilled personnel. Four operate the pit and instrumentation and three
document the procedures in motion picture and still photographic coverage. In
addition to these personnel, specific limitations are imposed by the wind veloc-
ity, direction of the wind, precipitation conditions, ambient temperature, etc.
A scaled-down indoor facility will permit all-weather operation, reduce the num-
ber of personnel required for operational testing and improve logistics by
limiting the transporting of manikins, clothing, instrumentation, fuel, water
and photographic, operational and fire department personnel. An indoor facility
will also improve maintainability and reliability and increase productivity by
reducing the number of test exposures needed for valid assessments of protectivity
and the costs of material assembly.

RESULTS AND DISCUSSION

1In the design of a new fuel fire facility, the foremost considerations must
include reduction in size, containment, and automation. In the present plans,
utilization of existing proven de.igns with improvements are incorporated in the
fuel ignition system, fuel dispersion and -rating system, power, timing and con-
trol circuitry, data collection and recor'ing system, and the fuel and water pit
holding system. New design considerations for the scaled-down version include
protective and retaining walls, a ventilation and exhaust system, a traversing
system and a fire extinguishing system. To thil end the following plans with
identification drawing numbers have been developti for consideration and incor-
poeation in the design of the new facility and are shown in this report as
appendix A, B, C, and D.

I!
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NAVFAC DRAWING NUMBER

2002346 Install Fuel Distribution And Ignition System
2002347 Install Fuel Distribution And Ignition System
2002348 Install Fuel Distribution And Ignition System

ENGINEERING RESOURCES INC. DRAWING NUMBER

D 00041 Fuel Ignition System
D 00042 Fuel Ignition System
D 00044 Fuel Dispersion System

SKC 00043 Piping And Nozzle Details
J 00041 Fuel Pumping System

W. N. BEST COMBUSTION EQUIPMENT CO., INC. DRAWING NUMBER

11273 Orifice Assembly Ignitor Gas Line
22524 Piping Schematic
22525-1 Fuel Ignition System - Ignitor, Heat Shield And Mounting Arrange-

ment
30162 Fuel Gas Ignitor Wiring
11124 Ignitor

ENVIRONMENTAL PHYSIOLOGY DRAWING NUMBER

001 Fuel Fire Facility Scale Down
002 Fuel Fire Facility Scale Down
003 Fuel Fire Facility Scale Down

The design concept for each phase of development of the scaled-down version
of the fuel fire facility follows:

Fuel Dispersion and Gratinp System - Aside from the architectural design
of the fuel dispersion and grating system which is diagrammed in Environmental
Physiology Drawing No. 1, 2, and 3 of appendix D. This system must be improved
to prevent existing problems which occur because of corrosion and expansion.
The fuel dispersion system is currently constructed of galvanized steel which
is continually immersed in water causing the orifice assemblies to become con-
taminated with rust preventing and even distribution of fuel in each containment
cell. It is therefore recommended that stainless steel or copper piping be used
throughout to correct the problem. In addition, during a full scale fuel fire

" the grating syscem expands considerably and in some instances buckles because of
the extreme heat and a lack of clearance at the ends. For a temperature differen-
tial of 6500C, aluminum elongates 4.7 inches for each 20 foot length. Stainless
steel is recommended as a replacement for the aluminum because it has a lower
coefficient of expansion and improved corrosive properties.

Ignitiol, Power, Timing and Control System - Currently the ignition, power,
timing and control systems are functional but their proximity to the fuel fire
creates a hazard to the operating personnel manning the three control stations

-2-
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during exposures. An automated system with one control console at a remote site
will improve test coordination and reduce risk to operational personnel.

Pit with Protective and Retaining Walls - The pit will be constructed of
reinforced concrete with overall inside dimensions of 16 feet by 6 feet by 8
inches deep. The protective walls will be constructed of fire brick inside
with a solid block exterior.

Ventilation and Exhaust System - The roof of the enclosed structure will be
opened to the atmosphere during the fuel fire. Therefore, it will be constructed
as a heavy gage steel louvered system operated electromechanically for ease of
operation in opening and closing. Two 36 inch exhaust fans will provide suffi-
cient air flow to adequately ventilate the fuel fire pit enclosure (1920 cubic
feet) after each exposure.

Fire Extinguishing System - A carbon dioxide fire extinguisher system, for
emergency use only, will be required in the event that the manikin is delayed
in the fire because of a mechanical malfunction of the traversing system or in
order to quickly abort an existing fire for some unforeseen reason.

Data Collection and Recording System - The telemetry data acquisition and
display system, (reference 2) will be used for recording and analysis of data
in the scaled-down version of the facility. The commutator, oscillator, trans-
mitter, and antenna will be housed in the manikin. The antenna for the receiver
will be located in the fuel fire pit area. The magnetic tape recorder, receiver,
oscillograph, oscilloscope, and associated equipment will be located in the con-
trol room adjacent to the fuel fire pit. Provisions will be made for future
development to include permanent heat flux sensors located throughout the pit
enclosure so that at specified locations of the manikin in the fire, comparative
measurements can be made of the temperature rise of the manikin surface beneath
protective clothing, and the corresponding heat flux energy at specific inter-
vals during exposure. A development of this nature eliminates the need for ex-
tensive photographic coverage of each test.

Traversing System - The complexities encountered in the design of the trav-
ersing system illustrated in Environmental Physiology Drawing No. 1, 2, and 3 of
appendix D, warrant consultation with potential contractors for recommendations
and development of this system. Overall design considerations include maintain-
ing a specific velocity for passages of the manikin through the flames at 10 feet
per second for 3 seconds so that proper convection currents can be simulated for
the prescribed distance and time. The traversing system must be able to with-
stand a temperature of 12000C for 5 minutes without deterioration of the structure
or malfunction of the system. Additional considerations include a variable speed
drive to adjust exposure velocity and time, and provisions to allow for more than
one pass through the fire. The traversing system includes the use of synchro-
nized doors for opening before the manikin enters and closing after it leaves the
fire pit containment area, simulatLng a square wave pulse of energy for the fuel
fire pit exposure, a crucial condition of the exposures, (reference 1).

Functional Operating System - The epoxy coating inside the fuel tanks and
the rust from the galvanized piping have caused numerous delays by clogging the
orifices in the fuel distribution system. Fiberglas tanks and copper or stain-
less piping will prevent such occurrences in the scaled-down version of the
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facility. An automatic, controlled metering system for delivery of the gasoline
is required with settings in one gallon increments from 0 to 30 gallons pumping
at a minimum rate of one gallon per second. An electronic interlock system with
automatic sequencing of controls with manual overrides are necessary for the fol-
lowing functions:

1. Opening ventilation system louvers,

2. filling the containment pit with water,

3. pressurizing the propane gas and compressed air manifolds,

4. pumping gasoline into the fuel fire pit,

5. ignition of the gasoline,

6. starting the recording and photographic data collection systems,

7. operating the doors that separate the pit from the dressing area,

8. operating the traversing system, and

9. abort with provisions for emergency execution of the fire extinguishing
system.

CONCLUSION

The data discussed herein, together with the drawings in the enclosures,
provide the necessary basis for construction of a scaled-down version of the fuel
fire facility. Each of the primary operating systems is presented independently4; ifor simplification of the total system development cycle. To this end a work
breakdown structure can be formulated for the construction phase of development
assigning each of the required systems to a specific descipline. This will pro-
vide tracking of the funding, scheduling, and construction performed by the
individual contractors.

REFERENCES

1. Stoll, A.M., Munroe, L.R., Chianta, M.A., Piergallini, J.R., and Zaccaria, D.E.
A Facility and Method for Evaluation of Thermal Protection. Report No. NADC-

775286-40 of 1 Dec 1975.

2. Piergallini, J.R. and Stoll, A.M., Telemetry System for Evaluation of Burn
Protection in Full-Scale Fuel Fire Manikin Exposures. Aerospace Medical
Association Preprint of 1976 Scientific Program 63-64, May 1976.
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APPENDIX C
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